In the recent past, due to the excellent optical properties and synergistic effect, bismuth oxyhalides based composites have gained significant attention in the field of photocatalysis.
Introduction
Over the years, heterogeneous semiconductor photocatalysis has gained lot of popularity because of its promising applications in environmental remediation and energy generation. 1 The photocatalytic performance depends on efficient separation of photogenerated electron-hole pairs, optimum absorption of light and an adequate reduction or oxidation potential. 2, 3 The bismuth oxyhalides (BiOX, X=Cl, Br and I), have shown promising photocatalytic activity under visible light irradiation due to their unique optical, electrical, and catalytic properties. 4, 5, 6 In particular, the layered structure of BiOX comprises of [Bi2O2] 2+ slabs interleaved by double slabs of halogens atoms with induced dipoles, which promotes the separation of electron-hole pairs. 7, 8, 9 Among BiOX photocatalysts, BiOBr and BiOI are visible light driven photocatalysts with band gaps of 2.8 eV and 1.7-1.9 eV, respectively. Cao et al. 10 have reported the synthesis of irregular hemispherical BiOI/BiOBr via chemical etching route. It was found that 60 % BiOI/BiOBr showed the highest photocatalytic performance for the degradation of MO under visible light irradiation. In another study, Wang et al. 11 synthesized BiOBrxI1-x photocatalysts through a soft chemical method. The results revealed that iodine modified BiOBr displayed higher photocatalytic activity for MO degradation under visible light irradiation. Li et al. 12 synthesized three dimensional BiOBr/BiOI hierarchical microsphere photocatalysts by a facile one-pot solvothermal method. The researchers found that 50 % BiOBr/BiOI composite displayed higher photocatalytic activity towards rhodamine B (RhB) and tetracycline compared to 10 % and 90 % BiOBr/BiOI composites under visible light irradiation. Xing et al. 13 prepared a series of BiOBrxI1-x solid solutions by decreasing the ratio of Br/I with exposed (001) facets. Amongst the photocatalysts, BiOBr0.8I0.2 displayed the highest photocatalytic activity towards the degradation of RhB under visible light irradiation. However, most of the synthesis methods involve the use of toxic chemical solvents and stabilizers which are detrimental to environmental safety.
In this regard, the green approach using plant leaf extracts offers toxic chemical free and ecofriendly route for the synthesis of nanostructures. Various methods have been reported which involves the usage of different plant extracts such as Ocimum tenuiflorum (black Tulsi) 14 , Ficus benghalensis (Banyan tree) 15 , Ocimum sanctum (Tulsi) 16 , Saraca indica (Ashoka) 17 etc. for the synthesis of nanostructures. One of the most important and common plant in India i.e. A.I. possesses antioxidant or reducing properties that fosters the immediate reduction of metals ions into their corresponding nanostructures. Specifically, the phytochemicals present in A.I. (Fig.1) such as flavones, terpenoids, quercetin, aldehydes, ketones, amino acids etc. acts as bioreductants and are mainly responsible for the stabilization of metals ions. 18, 19, 20 In certain cases, the leaf extracts and its constituents have also been utilized as potential sensitizers for solar cell applications. [21] [22] [23] [24] To the best of our knowledge, there isn't any method reported on the synthesis of BiOBrxI1-x using A.I. leaf extract for photocatalytic applications, which has intrigued us to understand the mechanism of metal ions uptake by leaf extract and their stabilization to the nanostructures. Herein, we have investigated the morphological, optical and electrochemical characteristics after the addition of A.I. leaf extract in the BiOBrxI1-x matrix. Furthermore, the mechanism behind the enhanced photocatalytic activity of G-BiOBrxI1-x was elucidated. 
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All the chemicals and reagents such as bismuth nitrate pentahydrate (Bi(NO3)3.5H2O), potassium bromide (KBr), potassium iodide (KI), amoxicillin trihydrate and methyl orange were of analytical grade and used without any further purification.
Synthesis of G-BiOBrxI1-x and C-BiOBrxI1-x
In a typical process, 0.05 M of Bi(NO3)3.5H2O was dissolved in 100 mL distilled water containing 10 mL acetic acid, and the resulting solution was added to 8 mL A.I. leaf extract (Supporting information, Section S1) under magnetic stirring. A total of 0.05 M KI and KBr with different molar ratios was dissolved into 100 mL of double distilled water. The solution was then added to the above prepared solution of Bi(NO3)3.5H2O and plant extract under violent stirring. The obtained solution was allowed to stirr for one hour and it was kept in an oven at 60°C for one hour. The resulting product was separated by centrifugation and washed three times with ethanol and double distilled water to remove the impurities. Finally, the products were dried overnight in an oven at 60° C. For the synthesis of C-BiOBrx-I1-x the same procedure was followed; however, the usage of leaf extract was avoided.
Characterization
The X-ray diffraction patterns of the as-prepared samples were measured on a Bruker D2-Phaser
Diffractometer with a Cu Kα radiation source (λ=1.5418 A˚). X-ray photoelectron spectroscopy 
Photocatalytic activity evaluation
The photocatalytic activity of the as-prepared G-BiOBrxI1- Accurate-Mass Q-TOF LC-MS (Agilent Technologies). The scanned range was m/z 50-500, and positive ions were examined. To categorize the active species generated in the photodisintegration proces, the activity of the radicals (h + , . OH, and . O2 -), trapping were performed by sodium oxalate, isopropanol and benzoquinone, respectively.
Results and discussion
The X-ray diffraction (XRD) was used to examine the crystal phase of the as-synthesized samples. Fig. 2 The morphology of the as-prepared samples was examined by field emission scanning electron microscope (FESEM) as shown in Fig. 3 (a-f). The difference in the morphology and nanostructures can be seen, all the samples comprised of large numbers of interwoven nanoplates. Fig. 3(a) shows the morphology of the chemically synthesized C-BiOBr0.5I0.5
composite and it comprised of large numbers of irregular nanoplates with large gaps between the neighboring nanoplates. It is interesting to note that the plant extract mediated composites appeared as 3-Dimensional hierarchical nanospheres with varying size of the nanoplates from 50-400 nm. As shown in Fig. 3 (b-f), with the increasing I content the morphology of the green composites G-BiOBrxI1-x (x= 0.2, 0.4, 0.5, 0.6 and 0.8) was directly affected, the surface of the nanostructures became more rough, porous and finally a web-like structure of the nanoplates can be observed in the G-BiOBr0.2I0.8 composite (Fig. 3f ). The increasing rough surface of the green composites confers high specific surface area, surface to volume ratio and adequate transport paths for the organic pollutants, which are considered towards photocatalysis. 26 Further investigation on the G-BiOBr0.2I0.8 composite was conducted by TEM. Fig. 3 (g and h) further confirms the nanoplate like structure with two types of nanoplates (BiOBr and BiOI), which is corresponding to the SEM results. In addition, from the HRTEM image as shown in Fig. 3 The specific surface area (BET) and pore size of the representative C-BiOBr0.5I0.5 and G-BiOBr0.5I0.5 samples were examined by nitrogen adsorption-desorption method as shown in Fig.   4 (a) and (b). It has been well established that the photocatalysts with large surface area and porosity tends to exhibit high photocatalytic activity, as they have the tendency to absorb large number of active species, which can facilitate the adequate contact between the pollutants and the photocatalyst surface, resulting in higher photocatalytic activity. 27 The specific surface area of G-BiOBr0.5I0.5 was measured to be 11.8 m 2 g -1 , which occurred to be 1.37 times greater than that of C-BiOBr0.5I0.5 (8.6 m 2 g -1 ). The results indicated that the green composite samples are more likely to possess more adsorption sites for oxygen (O2) molecules and the reactants, which could be a major factor in the enhancement of the photocatalytic activity under visible light irradiation. [28] [29] [30] [31] Furthermore, the average pore diameter ( Fig. 4a & b ) Barrett-Joyner-Halenda (BJH) of the representative C-BiOBr0.5I0.5 and G-BiOBr0.5I0.5 samples were calculated from the desorption section of the isotherms and they were found to be 1.8 nm, and 1.2 nm, respectively.
The obvious decrease in the pore size indicates relatively higher adsorption capacity, which is consistent with the above investigations. 32 The UV-DRS of the as-prepared composites are shown in Fig. 4(c centers. 20, 30 The FTIR spectra of the representative C-BiOBr0.5I0.5, G-BiOBr0.5I0.5, and G-BiOBr0.2I0.8 samples was recorded in the range of 400-4000 cm -1 to analyze the functional groups responsible for widening the absorption spectra of the samples. In the spectrum of C-BiOBr0.5I0.5
[ Fig. 5(b) ], a broad absorption in the range of 2900-3700 cm -1 with an intense band originating at 3364 cm -1 can be assigned to the -OH stretching mode of water, while the peak at 498 cm -1 was attributed to the stretching vibrations of the Bi-O bond. 33, 34 In the spectra of G-BiOBr0.5I0.5, and G-BiOBr0.2I0.8, many additional peaks were observed, the peaks appearing at 678 cm -1 , 774 cm -1 , for 60 min, and the results obtained are summarized in the Table 1 given below: Clearly, the green G-BiOBrxI1.x composites were endowed with high adsorption capacity owing to their large surface areas and the enriched porous structure in comparison to C-BiOBr0.5I0.5. The photocatalytic fate of MO and AMX in the presence of C-BiOBr0.5I0.5 and G-BiOBrxI1-x composites was evaluated and the results are summarized in the Table 1 given below: Yet again the green G-BiOBrxI1-x composites displayed much higher degradation efficiency towards the degradation of both the pollutants than the C-BiOBr0.5I0.5 composite. Among Green composites, G-BiOBr0.2I0.8 composite exhibited the highest photocatalytic activity and the photocatalytic activity of G-BiOBr0.2I0.8 and G-BiOBr0.5I0.5 was observed to be approximately 1.22 and 1.14 times higher than that of C-BiOBr0.5I0.5, the reason for high exhibition of photocatalytic activity can be understood with latter photoelectrochemical studies and photocatalytic mechanism.
Moreover, the photodegradation process was fit with a pseudo first-order kinetics model ( Isopropanol and Benzoquinone were utilized as holes, hydroxyl radical and superoxide radical scavengers. As displayed in Fig. 6(e) , a much discern subdue of the photocatalytic activity can be observed, and the disintegration efficacy of MO was markedly declined in all the cases.
Meanwhile, the addition of both sodium oxalate and benzoquinone exhibited a significantly positive influence on the photocatalytic activity, which indicated the photogenerated holes and superoxide radicals were likely the main active species for the photodegradation of AMX ( Fig.   6(f) ). The byproducts and intermediates produced in the photodisintegration of AMX were identified using HPLC. Fig. 6(g) , shows the disintegration process of AMX, where the prominent peak (after one hour of adsorption-desorption experiment at 0 min) occurring at 4.3 min, was accredited to AMX. After 300 min of visible light illumination, the intensity of the AMX peak diminished substantially and two new peaks originated at 4.8 min and 5.6 min, which were identified as one of the mineralized intermediates of AMX that were attributed to phenyl hydroxypyrazine and AMX-S-oxide. To attain the in depth information about the byproduct, the sample after 300 min was scrutinized with LC-MS/MS. As shown in Fig. 6(h) , the results confirmed the existence of AMX phenyl hydroxypyrazine and AMX-S-oxide, which is in agreement with the literature [40] [41] .
Photocatalytic mechanism
Photocurrent measurements were carried out to investigate the photoelectric efficiency of the as-prepared samples. It has been widely established that stronger photocurrent intensity indicates an efficient separation of the photogenerated electron-hole pairs, and therefore higher photocatalytic activity. Fig. 7(a) The charge transfer efficiency at the interface of semiconductor photoelectrodes can be examined by electrochemical impedance spectroscopy (EIS). The EIS Nyquist plots of the C-BiOBr0.5I0.5, G-BiOBr0.5I0.5 and G-BiOBr0.2I0.8 composites were investigated ( Fig. 7(b) ). The results showed that both the G-BiOBr0.5I0.5 and G-BiOBr0.2I0.8 composites had smaller diameter Nyquist circle than C-BiOBr0.5I0.5, indicating a much faster carrier transport from the material to the electrode, which was confirmed by the lower interfacial charge-transfer resistance. To further investigate the charge transfer, migration and recombination process in the as-prepared samples, photoluminescence spectra was carried out. As shown in Fig. 7(c) , C-BiOBr0.5I0.5 exhibited a strong emission peak at around 543 nm, which indicated a fast recombination of the 
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Furthermore, the role of leaf extract as sensitizer for the green sample was investigated by identifying its redox behavior via CV technique in a potential range of 1.2 to -1.2 V at scan rates of 50 and 100 mV s -1 . Figure 7(d 
